Conclusions: Students using the computer program were more accurate than students attending the lecture when scoring drawings and estimating a developmental age from them. These results support the conclusion that a thoughtfully designed computer program can replace a standard lecture in a pediatrics curriculum.
Arch Pediatr Adolesc Med. 2002; 156:137-140 C OMPUTERS have great potential for use in medical education. Because of fundamental shifts in health care, medical school curriculum has moved from a primarily inpatient to an ambulatory setting. As schools have more difficulty gathering students together regularly, they have had to change their methods of teaching. The increased number of clinical sites has also produced increased variation in education from one student to the next, emphasizing the need for a true standardized central curriculum. Sending medical students out to varying settings has required them to receive their instruction on a more individualized basis. Computer-assisted teaching may be one method of accomplishing this task without sacrificing educational standards. Before making the shift to computer-based education, educators must be satisfied that learning is not sacrificed.
While many articles exist in the literature discussing computer-assisted education, a small proportion of them are actually trials of evaluation. 1 Even fewer are evaluations of computer programs designed to teach material and replace lectures in a pediatrics curriculum. We chose to study a standard lecture teaching the Draw-a-Person (DAP) developmental test. The DAP test calls for a child to draw a person and allows professionals to estimate the child's developmental age by examining the complexity of the drawing. The DAP test is easy to teach and implement and can be translated completely into a computer application. We hoped to show that the computer program could completely replace the standard lecture in the pediatric curriculum without sacrificing learning. 
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RESULTS
The mean scores and ranges for each of the groups are given in the 
PARTICIPANTS AND METHODS
One of us (A.E.C.) created the computer application after planning and reviewing its content with the lecturer (M.W.S.) to maintain standardization between the lecture and the application. The lecture was regularly given one afternoon during the pediatrics clerkship rotation. It began with a clinical problem, such as "Is the child developmentally ready to go to school?" The DAP test was then introduced, the scoring system explained with several examples, and then several figures were scored. The lectures that took a half hour to deliver were not all identical from a word-for-word standpoint, but the curriculum was reasonably established. The computer program (Figure 1) , written with the multimedia authoring tool Director 5.0 (Macromedia Inc, San Francisco, Calif; also available at: http://www.macromedia.com), included 4 sections: a discussion of the uses of the test, its strengths, its weaknesses, and the intent of the program itself; the instructions on how to administer and score the test ( Figure 2) ; a library of drawings for various age groups, with full explanations as to how each drawing was scored ( Figure 3) ; and a self-administered test, complete with answers and explanations (Figure 4) . A final summary, invoked on exiting the program, reviewed the usefulness of the DAP test. Each section used an audio track linked with visual cues and text. The program was self-paced and allowed for as much review as each student believed was necessary. It was easy to use, could be run at any time, and could be completed in a few minutes. It could be run on either a Windows-or Macintosh-based computer and needed no other programs to run. After field testing and modifications, the students were allowed to interact with it. Although students could have taken it home for use, we required those using it to do so in the hospital library.
We took every effort to make sure that the content of the lecture and that of the program were equivalent. The author observed the lecture several times and the lecturer reviewed every version of the computer program to evaluate its content.
On alternating months, over a total of 4 months, students enrolled in Pediatrics 200 (the third-year clerkship) attended the lecture (n = 24 students) or used the computer program for instruction (n=15 students). By alternating student placement we hoped to account for any differences between them in the levels of their education or composition. The DAP test was not taught in any other rotations, and none of the students, to our knowledge, had previously been exposed to it.
The lecturer made sure that the information covered in class was the same as that covered in the computer program. Those hearing the lecture did so as a group on the day it was normally scheduled. Those using the computer program had no lecture that day and were instructed to use the program alone, at any time they wished, over the course of 1 week.
The students in the computer program group were given a questionnaire to rate the educational value of the computer program and its ease of use on a scale of 1 (best) to 5 (worst). They were also asked to make comments and suggestions about the computer program.
As part of the final examination for the clerkship each month, the students were instructed to score 3 drawings and assign a developmental age to each. Both the lecturer and the author of the computer application knew the nature of the final examination, and neither lecture nor computer program taught to the test. The test drawings that were part of the final examination did not appear in either the lecture or the computer program. Each student's scores were averaged with their assigned group and the means compared with the correct answer. The results were analyzed by a t test for 2 samples assuming equal variance. Students also recorded on the same questionnaire how much time they spent running the computer program. No student felt the need to rerun the computer program. The computer program also took far less time (5-15 minutes) to run than the lecture (30 minutes).
COMMENT
This study showed that a thoughtfully designed and focused computer program could replace a standard lecture without a sacrifice in learning. Students using the computer program scored significantly better on a test of the DAP test than those who attended the standard lecture. The computer program was well received and enjoyed by those who reviewed it. For the teaching of this skill, the computer program was equally effective, if not better than, the standard lecture.
There are, of course, several limitations to this study. We examined a limited number of students, and they were all from one medical school class. We also did not collect extensive background information about them, but did make sure that their knowledge of the DAP test was similar. We also did not have students rate the lecture in the same way they did the computer program. There are also limitations to this type of study in general. Some have argued that a medium-medium study such as this is inherently problematic, as what is often being compared is content, not the delivery method. 2, 3 We went to great lengths to make sure that the content in both the lecture and the computer program was as consistent as possible to make the study one of media. We believe that such studies are still important, as many still are skeptical of the computer's ability to replace more traditional methods of education.
Computer-assisted education has been proposed as a viable alternative in education for many years. 4 Programs were initially used to complement standard education, whether as a means of practicing skills learned elsewhere 5 or as a means to review previously learned information. 6 Computer programs have been studied to replace laboratory sessions, 7 sometimes with a cost savings. 8 Because of changes in health care and medical school curriculum, computer-assisted education is becoming more valuable than ever. Computer-assisted education can compensate for the increasingly different student clinical experiences by allowing information to be provided in a standardized fashion. Education can be formatted to meet individual student requirements, with students taking as much or as little time as needed to learn the concept presented. Individual computer-assisted education can also easily accommodate different student schedules.
Computers have been available for use in education for some time, but their application has not evolved as quickly as many had assumed it would. Some educators are skeptical of computer-assisted education replacing more traditional education. 9 A great deal of medical education has been didactic, through lectures given rotation after rotation. Some educators believe that direct faculty involvement is necessary at every step to impart knowledge adequately. A lecturer can also influence students through personal contact as a role model or personal mentor. Many are afraid to abandon this timehonored system of medical teaching, especially to a method that is somewhat unsupervised. This study showed that a well-designed computer program could re- Test Your Skills 4 *Data are reported as mean developmental age (range) expressed in years. Statistical significance was set at PϽ.05 using the t test. A total of 39 students enrolled in a third-year pediatrics clerkship course were assigned either to the standard lecture group (ie, those who attended the Pediatrics 200 half-hour lecture) or to the self-taught computer program group (ie, those who used a thoughtfully designed computer program) to learn to score 3 drawings and to assign them a developmental age using the Draw-a-Person test rules. See the "Participants and Methods" section for a complete explanation.
place a lecture and teach the material just as well. The results showed that students using the program scored better in a test of their learned knowledge than the control group.
In the past, some uses of computers were not as well received as lectures 10 and were found to be a cause of anxiety. 11 Our findings indicated that our students accepted this computer program easily and found it easy to use.
The application of computers has the potential to transform education and is not being used anywhere near to its full potential. 12 Future studies can investigate other computer programs, and other lectures, developing computer-assisted medical education into a fully incorporated and valued tool.
What This Study Adds
Computer-assisted education has been a possibility for some time. It has not enjoyed the widespread use that was initially expected. While many articles exist in the literature discussing computer-assisted education, a small proportion of them are actually trials of evaluation. Even fewer are evaluations of computer programs designed to teach material and replace lectures in a pediatrics curriculum.
This article presents a study showing that students learned more about the DAP developmental test from a thoughtfully designed and focused computer program than from a standard lecture. The computer program also offered more flexibility for scheduling and took less time than the lecture.
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